ABSTRACT
Introduction
Breast profile is of fundamental importance to women's psychological well being. Breasts are symbols not only of sexuality but also of maternity. Due to the damage caused by hypoplasia or lack of this tissue to women's self esteem, doctors have been searching for the ideal implant that would permit breast reconstitution and would be inert to the organism 1 . Concern with the material to be implanted has stimulated plastic surgeons' imagination for more than one century, since Gersuny (1889), mentioned by Pitanguy 1 , introduced the paraffin injection technique in the mammary parenchyma.
The present beauty standard made millions of women look for the plastic surgeons' office to correct mammary volume and consistency alterations. Due to the failure of the use of autochthonous tissue such as dermal flaps, aloplastic material has been used for this purpose.
Mammary prostheses, because they are foreign elements to the body, develop multi level inflammatory silicone reactions and results in periprosthetic fibrous capsules. This reaction causes implant encapsulation and may cause capsular contraction, requiring surgical intervention to remove the implant and to treat the capsule.
Ko et al. 3 remind that fibrous capsule contraction formed around the implants is the most common post-implant complication, with varying 0, 5% to 29% incidence. The clinical consequences of capsular contraction vary from globular firm breasts, discomfort, pain and the distressing extrusion of the implants. There is no medical explanation to the fact that some women develop capsular contracture and others don't and why some women develop capsular contracture on the same side of the surgical wound.
Capsule contraction etiology is uncertain and probably multifactor, and is being the subject of many human and animal studies. Some factors have been postulated in the etiology of capsule contraction such as reaction to a foreign body, hematomas, sub-clinical periprosthetic infection, mechanical irritation, reduced space for implant placement, prosthesis volume, silicone leakage, surgical trauma, thickness and material of the lining 4 . In the last three decades, implants have suffered modifications in their structure in an attempt to make their material the least reactive possible, reducing capsular contraction incidence. Among other modifications, smooth implants were substituted by textured membrane linings or coated with polyurethane 5 . Many studies have been made to confirm the relationship between capsular contraction and the kind of lining of silicone mammary prosthesis. Most of these studies demonstrated that textured linings presented the lowest index value of contracture.
Polyurethane linings offered the lowest index of contracture incidence due to their micro-porous structure 7 . An analysis with 1257 patients presented 1% incidence. However, polyurethane is responsible for intense inflammatory reaction, with relevant lining phagocytosis and lining degradation, making its removal difficult when it is necessary 8 . Haddad Filho et al. 9 confirm that one of the most significant modifications in silicone implants was the texture of their surfaces.
This way, an implant texture was developed, following the characteristic of polyurethane foam, aiming at less capsular contraction, less mechanical irritability which resulted from better tissue adherence, using silicone to minimize local tissue reaction 10 . This lining was labeled silicone foam and it is the focus of this study that aims at: o C) and adequate air humidity. The animals were fed specific animal food with free access to water and food.
The study compared two implant groups: silicone membrane and textured membrane. Each animal received both implants. The 32 animals were sub-divided in four groups of eight animals (I, II, III, IV), according to follow up time and death: 7, 14, 30 and 60 days.
Each animal received two different prostheses lining implants. Both textures were silicone membranes; however, one presented silicone foam surface and the other textured silicone.
Pieces measuring 6x2 cm were made for future extraction in 0, 5 cm monoblock to be studied microscopically and the remaining 5, 5 cm for biophysical study.
The animals were weighed and anesthetized with ketamin (50mg/kg) and xylazin (10mg/kg), on their hind legs with intramuscular injection. They were kept warm and under spontaneous ventilation until they recovered from anesthesia.
The animals' back was shaved after the area had been washed with 2/% chlorhexidine solution liquid soap and distilled water. The animals were fixed to a surgical board in ventral position with their legs fastened with rubber bands. Afterwards, two spots were marked in the shaved area with skin pens for the incision, skin removal ( Figure 1A ) and asepsis of the skin with 0, 5% chlorhexidine aqueous solution.
Two transversal 2 cm long incisions were made with a blade 15 scalpel on the back of the animal, 3cm above the hind legs. A distance of 1 cm between the pockets was kept. Two 2x8 subcutaneous pockets were made on the dotted lines ( Figure 1B) .
The implants were placed on the left side of the dorsal median line (textured membrane) and on the right side (Silicon foam). The membranes were placed at 2cm of the rim of the incision. The wound was sutured with 5-0 monofil nylon thread ( Figure 2 ). The animals were placed on a warm environment at 25 0 C until they completely recovered from anesthesia and, afterwards, they were transferred to their respective boxes.
There was a daily follow up, studying the macroscopic aspects of cicatrization and the presence of complications. The wound was not dressed and the stitches were not removed.
At the 7th day for group I, 14th day for group II 30th day for group III and 60th day for group IV, the animals were euthanized with lethal inhalation of sulfuric acid.
A monoblock resection was performed considering the implant, the capsular reaction and the skin ( Figure 3A ). Each surgical piece was sectioned with a scalpel and 0, 5 cm of this material was sent for microscopic study ( Figure 3B ). The portion to be studied was that the most distant from the skin incision placed on filter paper in a flask containing 10% formaldehyde and dully identified. The samples were fixed in 10% formaldehyde. From each surgical piece, random fragments of the capsule reaction to the silicone implant were collected.
These fragments were processed for the conventional histological technique, following the stages: Gradual dehydration, diaphanization, infiltration, paraffin blocking. From each paraffin block, two four micrometer thick glass slides with histological cuts were obtained and stained with hematoxilin-eosine (HE) and pricrosirius (sirius-red). Next, the slides' cover slips were sealed with synthetic resin and numerically identified.
HE staining offered the histological standard of capsular reaction, the kind and intensity of the inflammatory reaction, and The rest of the surgical piece measuring 2 x 5,5 cm was placed on filter paper inside identified flasks containing 0,9 physiological solution and sent to biophysical study.
The block containing skin, capsular reaction and the implant was sent to TECPAR laboratory for the study of adherence between the implants and capsular reaction.
The dissection of the rims of the piece was standardized with 0, 5 cm on each extremity, separating the implant from the capsular reaction. A tensiometer was located on one side of the implant and on the other side the capsule, the sub-cutaneous tissue and the skin and were submitted to a pulling force to induce separation among them (Figure 4 ). This way, a force unit in kilogram force (kgf) was obtained, sufficient to separate the capsule from the silicone implant. This unit represents the adherence produced by the tissue capsular reaction to the kinds of prosthetic surfaces: silicone, textured and foam. 
Moderate or intense
The proportion between type I (mature) collagen and type III (immature) collagen was studied with sirius-red staining. This technique offers information as to the density and the specific kind of collagen fibers formed in the capsule. Optic microscopy with polarized source of light, 200X magnified was used for the microscopic reading of this staining. Mature collagen fibers or type I collagen were identified, because they are thicker and present intense reddish birefringence. The immature or type III collagen fibers were thinner and dispersed with weak greenish birefringence. Microscopic images were taken with a Sony ® CCD Iris camera and transmitted to a Sony ® Trinitron colored monitor. The images were digitalized and analyzed with Image Pro Plus application in an Intel Pentium III ® computer. System calibration was based on the optic density of the resolution points (pixels) that form the picture. For the standardization of the reading system, all slides were evaluated at the same regulation conditions, following the instructions of the application. Three magnified fields were chosen for each slide located on the median portion, lateral right and left of the histological slides. The quantity of reddish and greenish fibers which were present on the histological cuts permitted the percent calculation of the area of the examined field occupied by these fibers. This percentage was considered proportional to the quantity of each type of fiber present in the histological cuts.
To compare evaluation timing, one factor variance analysis was used and the LSD test (least significance test) for multiple comparisons or the non-parametric Kruskal-Wallis test. For the normality condition evaluation of the variables the Shapiro-Wilks test was used. P<0,05 values indicated statistical significance.
of the foreign body reaction as well as the capsule thickness. Acute inflammatory reaction was characterized by the presence of neutrophyls, vascular congestion and diapedesis. As to the chronic inflammatory reaction, the presence of mononuclear cells (lymphocytes, plasmocytes, and monocytes) was evaluated. Inflammatory reaction was observed on the optic microscope 400x magnified in three random fields, and classified in four groups: absent (0), light (1), moderate (2) and intense (3), according to the percentage of cells in each microscopic field. For the statistical study, the sample was divided according to the inflammatory reaction: absent or discreet, moderate or intense. A study of three fields 400X magnified was used to evaluate the reaction to a foreign body using the counting of the giant cells and granulomes, and to measure the thickness of the capsule. All sections were examined by the same pathologist (Table 1 ) who did not know the group or the period the glass slide was made.
Results
In the membrane adherence study it was observed that, for the textured surface, the results indicated the there was no significant difference between evaluation timing at 7, 14, 21, 31 and 60 days ( Table 2 ).
In order to evaluate these differences, timing was compared in groups of two (Table 4) . 7  7  14  8  30  7 The results of the statistic tests indicated that, concerning the silicone foam surface, there was significant difference between the 7th and the 14th days, 14th and the 60th days and at 28th days and 60th day of the evaluation. There was no significant difference between the 14th and 28th days. Examining the average values, one can notice that they also increased along the evaluation days as, for example, in the case of the textured membrane ( Figure 5 ). There was a clear difference between the adherence values when the two membranes were compared, being the averages higher in the silicone foam implants (Table 5) . The histological study of the interface with the textured coating showed neo-vascularization with some ectasic blood vessels and a discreet or absent number of multinuclear giant cells (Figure 6 ). Acute inflammatory reaction was discreet or absent in all studied animals. The intensity of the chronic inflammatory reaction is registered in Figure 7 and Table 6 , showing the predominance of absent and discreet acute inflammatory reaction in both groups.
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Many nuclear cells were present in the interface of the tissue with the silicone foam coating, indicating foreign body
The quantitative analysis showed a greater number of statistically significant giant cells in the foam group, in all studied sub-groups (Table 8) .
The measures of silicone foam coating were superior as regards the thickness of the capsules (Table 9) . reaction ( Figure 7 ). In the initial phase of the capsular reaction the presence of type III collagen (greenish) and type I (reddish) were almost the same. Proportionally, with the evolution of the post-operatory period, type I collagen increased, and was present in both groups
Sub-group Surface n Absent
There was a decrease in the percentage of type III immature collagen in both groups. These values are statistically significant when comparing sub-groups. There was no statistic ( Figure 9 ). The highest proportion of type I collagen was of no significance when both groups were compared; however, it was significant in the sub-group comparison.
Discussion
Many different textures have been developed aiming at the ideal breast implant and many studies try to define the advantages of each of them. At present, the utilized coatings are made of silicone elastomers with smooth surface, many kinds and forms of textured surfaces and surfaces covered with polyurethane foam.
Polyurethane causes intense foreign body reaction, stronger than that caused by silicone coatings 1 . Many studies have certified that polyurethane coated prostheses present less incidence of capsular contracture. This is due to capsule formation inside the spongy structure of polyurethane which results in non-continuous tissue reaction, hindering contraction 11 . The encapsulation of polyurethane fragments helps the formation of a discontinuous capsule. However, the use of polyurethane in humans was questioned after it proved carcinogenic in rats due to its degradation product, 2, 4-toluenodiamine 12 . This evidence was not significant enough to prevent its use in humans. Polyurethane coverings decompose with the passing of time, exposing a smooth coating which hinders capsule contraction.
Silicone has been amply used in different kinds of medical prostheses because it has been considered an inert and less reactive material, although one cannot believe that it is pure, inactive and eternal. There are collateral effects associated with implants because they stimulate the defense mechanism to eliminate it as a foreign body. Among the materials used in implants, silicone is one of the most inactive materials, due partly to its hydrophobic characteristic that impedes chemical and enzymatic agents to affect the material Many studies attested to the superiority of textured membranes over the smooth ones in capsular reduction 13, 14 . This textured quality is directly related to the degree of discontinuity of the capsule and the consequent reduction of its contracture.
Taking these evidences into consideration, in this present study, we chose to compare two coatings made of the same material, silicone, because it presents less foreign body reaction and two different kinds of rugosities: textured and microporous membrane or foam, in order to obtain a greater discontinuity of the peri-implant reaction. Brohim 14 used fragments of the surface of prostheses in order to obtain microscopic data on peri-implant reaction to different coating textures. Following the same procedure, the authors of this study used coating fragments of silicone prostheses. The necessity to use a 5, 5cm x 2cm membrane, after sample collection for histological study was due to the dimension of the tensiometer available for the study. Kafejian et al. 15 pointed out the necessity to keep a 2cm distance from the incision for the placement of the materials. This is to minimize the action of operative manipulation on the inflammatory reaction. In this study it was agreed that 1cm was enough.
Some authors mention the mechanic friction between the implant and the peri-implant tissue reaction as the cause of capsular contraction. This study suggests the hypothesis that there might be less contraction in the textured prostheses due to the decrease of adhesive capsular characteristic, thus decreasing the mechanical friction previously mentioned 9, 14 . The necessary force to loosen the membrane´s periimplant tissue indirectly demonstrated the invasion of this tissue inside the coating's texture. This force was directly proportional to the porosity of the membrane.
Contrary to Lyras 5 study that detected intense acute inflammatory reaction in the analysis of the reaction to textured coatings, in this study this reaction was absent or discreet in all groups. As to chronic inflammatory reaction, the absent and discreet types predominated in both groups, certifying the findings already described 16, 17 that detected discreet reaction to textured implants, with intense reaction to silicone foam.
Escudero et al. 2 affirmed that there is a more intense chronic inflammatory reaction with macrophages and giant cells in textured prostheses due to tissue growth inside the coating.
Corroborating this affirmation, there was a larger number of giant cells in all sub-groups of silicone foam which presented greater tissue growth inside the coating. A greater number of granulomes in the foam group was also evident, with significant difference at 60 days. This may be due to tissue growth inside a microporous structure with greater contact of the peri-implant surface with the silicone coating.
The greater contact between adjacent tissues and the microporous surface of the foam coating made evident, in this study, by tissue growth inside the membrane, favors the stimulus of monocytes in multinuclear giant cell differentiation in face of foreign and non digestible material.
In a comparative study between silicone foam coatings and textured coatings, Batra et al. 17 found a thicker capsule in the foam group, similar to the one found in this study. However, the methodology differed from the present study in that they counted the cellular layers.
As to the thickness of the capsules, silicone coatings were superior. This superiority cannot be related to a greater probability of contracture occurrence, because there is no consensus in the literature and the studies on the subject use different methodologies and present controversial results.
In this study it was observed that, along the post-operatory period, collagen type I increased in both groups. As to immature collagen type III, there was a decrease in its percentage in both groups. This information was similar to the results already found in rabbits, in other words, a progressive decrease in immature collagen. Collagen type I presented a progressive increase in all sub-groups. The comparison of both coatings showed no evidence of significant difference in the proportion of Type I and III collagen. An expected substitution of type III collagen for collagen type I in the process of tissue remodeling occurred, with no difference between both kinds of coatings.
As to the collagen fibers disposition, a specific study is necessary determine the parallel or discontinuous structure, once the authors 2 related this characteristic to the capsule contractive capacity.
Conclusions
1. There was greater adherence between capsular reaction to silicone foam coating; 2. There was no difference between acute inflammatory reactions and chronic reactions between the membranes; 3. Silicone foam membrane presents greater reaction to foreign bodies than the textured one; 4. The thickness of the capsular reaction was significantly more intense in the silicone foam coating; 5. There is a progressive increase of type I collagen in both coatings, with no difference whatsoever.
